Introduction {#S0001}
============

Cervical cancer is the second most common form of cancer in developing countries and the third most common cause of cancer-related deaths among women.[@CIT0001] The persistent high incidence of cervical cancer and recent trend of decrease in the age of onset poses a significant threat to women's health.[@CIT0001] The rate of occurrence of cervical cancer has been reported to be high in Uganda and in some Eastern European countries.[@CIT0002] Therefore, there is still a need to develop effective therapeutic strategies for cervical cancer.

DPY30 belongs to the human SET1/MLL complex and is an essential protein required for the activity of SET1/MLL methyltransferase.[@CIT0003],[@CIT0004] DPY30 and its homologs are mainly localized in the nuclei of cells; they are conserved across various species such as yeast, Caenorhabditis elegans, and humans.[@CIT0005] The protein encoded by *DPY30* directly controls cell cycle regulators and plays a crucial role in cell proliferation and differentiation. Previous studies have shown that this protein is involved in the regulation of H3K4 methylation, whereby it plays a critical role in the proliferation, invasion, and migration of cells in gastric carcinoma.[@CIT0006] Similarly, DPY30 is known to mediate the differentiation of embryonic stem cells[@CIT0003] and hematopoietic progenitor cells, as well as the proliferation of the latter.[@CIT0004] Moreover, DPY30 has been shown to influence the expression of inhibitors of DNA-binding/differentiation proteins, whereby DPY30 plays a role in regulating cell senescence.[@CIT0007]

EMT is a process where in epithelial cells transform into mesenchymal cells by a process involving many reversible and rapid gene changes. An important feature of EMT is the decreased expression of epithelial cells markers, such as E-cadherin, and increased expression of mesenchymal cell markers, such as N-cadherin and vimentin.[@CIT0008] Recent studies have shown that EMT is crucial for the growth and spread of cervical carcinoma.[@CIT0009] Thus far, the exact mechanism underlying the process of EMT remains unclear. The Wnt/β-catenin signaling pathway is well-known for its role in the de-differntiation and proliferation of cancer cells.[@CIT0010] Abnormal activation of this pathway is believed to contribute to the growth of some tumors, particularly epithelial malignancies.[@CIT0011]

In this study, we determined whether DPY30 contributes to the progression of CSCC by inducing EMT, as well as investigated the underlying mechanisms in vitro.

Materials and methods {#S0002}
=====================

Patients and tissue specimens {#S0002-S2001}
-----------------------------

We obtained paraffin-embedded tissue samples from patients with CSCC (n=65; mean age 47.3 y; range 27--69 y) and subjects with normal cervical architecture (n=10). All samples were collected between January 2010 and January 2013 at the Pathology Department of Liaocheng People's Hospital. The tissue samples were matched with the demographic and clinical data of the enrolled patients, and the subjects were classified into different groups based on various parameters, including age, histological type, Federation International of Gynecology and Obstetrics (FIGO) stage, pathological grade, and lymph node metastasis. In addition, 20 pairs of fresh tissue samples of cervical cancer and adjacent normal tissues were obtained from patients who underwent surgery at the Department of Gynecology of Liaocheng People's Hospital between September 2016 and September 2017. The fresh specimens were stored at −80 °C within 30 min of collection.

Cell culture and siRNA transfection {#S0002-S2002}
-----------------------------------

The human cervical cancer cell line, SiHa, was acquired from the Central Laboratory of Liaocheng People's Hospital,which was approved by the the ethics committee of Liaocheng People's Hospital. The cells were then transferred to RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.) with 10% fetal bovine serum and cultured at 37 °C in a humidified incubator maintained at atmospheric conditions of 5% CO~2~. Cells were grown in a 6-well plate, and upon reaching 80% confluence, cells were transfected with either synthesized siRNA (DPY30-siRNA group) or control siRNA sequences (DPY30-NC group) using Lipofectamine^®^ 2000 according to the manufacturer's instructions. The siRNA sequence of DPY30 was as follows: 5′- GCAGAAGGUAGAUCUCCAGTT-3′.

Wound-healing assay {#S0002-S2003}
-------------------

Cells were transferred to a 6-well plate and cultured until reaching 80--90% confluence. A wound was scratched with a 200 μL pipette tip. The exfoliated cells were washed with phosphate-buffered saline. Under the same culture conditions described above, cells were grown in RPMI-1640 medium to allow for wound healing. Images were acquired at 24-h intervals (0, 24, and 48 h) to assess cell migration.

Transwell invasion {#S0002-S2004}
------------------

To evaluate cell invasion and migration, cells were cultured in the presence or absence of basement membrane matrix (BD Biosciences, Franklin Lakes, NJ, USA) according to the manufacturer's instructions. The transfected cells were cultured in the upper chamber (3×10^4^ cells/100 μL) with serum-free medium, while cells in the lower chambers were cultured in 20% fetal bovine serum (8-mm pore; Corning, Life Science, Lowell, MA, USA). The cells were incubated for 24 h at 37 °C with 5% CO~2~ and then stained with 1% crystal violet (20 min; room temperature); cell numbers in five random regions were counted. The extent of cell invasion and cell migration was determined as mean ± standard deviation of the number of cells per field.

CCK-8 assay {#S0002-S2005}
-----------

The CCK8 assay was used to assess proliferation of the SiHa cells. First, we adjusted the density of the transfected cells to 3×10^4^/mL. The cells were then transferred to a 96-well plate in 100 μL per well. All experiments were performed in triplicate for the DPY30-siRNA group and the DPY30-NC group. Cells were incubated for 0, 24, 48, and 72 h. Mixtures of CCK-8 and serum-free medium (1:10) were prepared, and 110 μL of the mixture was placed in each well. The optical density was measured at a 450-nm wavelength using a microplate reader (Epoch; BioTek Instruments, Inc., Winooski, VT, USA).

Real-time polymerase chain reaction {#S0002-S2006}
-----------------------------------

Total RNA from the cells and tissue samples was extracted using Trizol (Invitrogen). Reverse transcription was performed according to the guidelines provided by the PrimeScript™ RT reagent Kit with gDNA Eraser (RR047A, Takara). Quantitative real-time PCR was performed to determine the levels of DPY30 mRNA. The primer sequences of DPY30 were as follows: 5′-AAC GCA GGT TGC AGA AAA TCC T −3′ and 5′-TCT GAT CCA GGT AGG CAC GAG −3′. The analysis was performed using the Biosystems 7500 Real-Time PCR System and TB Green™ Premix Ex Taq™ II (Tli RNaseH Plus) (RR820A, Takara), according to the manufacturer's instructions. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as the endogenous control.

Immunohistochemistry {#S0002-S2007}
--------------------

We sectioned the paraffin-embedded tissues to a thickness of 4 μM. DPY30 and E-cadherin expression levels were determined using immunohistochemical staining. The antibodies used for immunohistochemistry were rabbit anti-DPY30 antibody (1:200, Abcam) and rabbit anti-E-cadherin monoclonal antibody (ZSGB-BIO). The procedure was performed according to the instructions of the rabbit two-step kit (PV6001, ZSGB-BIO). Two experienced pathologists, blinded to the subject's clinical conditions, analyzed the immunohistochemistry results. The semi-quantitative scoring method was used to evaluate the staining intensity of tissues and the percentage of stained cells in hundreds. DPY30 mainly showed nuclear staining, while E-cadherin mainly showed membrane staining. The degree of staining was scored according to the color: 0 for colorless, 1 for light yellow or yellow, 2 for brown or brown, and 3 for dark brown. According to the percentage of stained cells, the scores were as follows: 0 (0--5%), 1 (6--25%), 2 (26--50%), 3 (51--75%) 4 (76--100%). The total score was taken as the product of the two scores. If the score was less than 3, the expression was considered negative, while it was considered positive if the score was greater than or equal to 3.

Western blot assay {#S0002-S2008}
------------------

Transfected cells were cultured in 6-well plates (density, 3×10^5 ^cells/mL) and lysed with lysis buffer (1 μL PMSF, added to 100 μL RIPA) on ice for 30 min, followed by centrifugation at 4 °C for 5 min. The supernatant was collected and protein-loading buffer was added, followed by boiling for 6 min at 100 °C. After protein extraction, SDS-PAGE was used to separate the proteins and transfer them to a poly-vinylidene fluoride membrane (EMD Millipore, Billerica, MA, USA). We blocked the membranes in 5% skim milk at room temperature for 1 h, followed by overnight incubation at 4 °C with specific antibodies. The bound antibodies were detected using secondary horseradish peroxidase-conjugated antibodies, and the protein bands were visualized using an enhanced chemiluminescence system (ProteinSimple, San Jose, CA, USA). The protein bands were then analyzed using Quantity One software Version 4.0.1 (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Experiments were performed in triplicate.

Statistical analysis {#S0002-S2009}
--------------------

Statistical analyses were performed using the SPSS version 22.0 software. Data from the cell experiments are expressed as mean ± SD and analyzed using one-way ANOVA. Intergroup differences were assessed using Student's *t*-test. Immunohistochemistry findings were analyzed using the Chi-square test and Pearson\'s rank correlation test. A *P*-value of less than 0.05 was considered statistically significant.

Results {#S0003}
=======

DPY30 protein expression in CSCC is elevated and associated with E-cadherin expression {#S0003-S2001}
--------------------------------------------------------------------------------------

Our immunohistochemistry results showed that DPY30 expression in CSCC tissues was significantly greater than that in normal cervical tissue (\*\*\**P*\<0.001; [Table S1](#ST0001) and [Figure 1](#F0001){ref-type="fig"}). Among the 65 CSCC samples, 43 had varying degrees of positive staining for DPY30. However, DPY30 staining was negative in the 10 normal cervical tissue samples ([Table S1](#ST0001) and [Figure 1](#F0001){ref-type="fig"}). A comparison of the clinicopathological and immunohistochemistry data of the 65 CSCC samples revealed that DPY30 expression significantly correlated with the depth of interstitial invasion (*P*=0.006) and the grade of cell differentiation (*P*=0.000), irrespective of the patient's age, FIGO stage, and presence or absence of lymph node metastasis ([Table 1](#T0001){ref-type="table"}). These findings indicate that DPY30 expression increases with CSCC progression and that expression of this protein may be related to the invasiveness of the carcinoma.Table 1Relationship between DPY30 expression and clinicopathological characteristics of CSCCClinical pathologynDPY30 positive, n (%)χ^2^*P*-valueAge, years0.3720.549 \<452417 (70.83) ≥454126 (63.41)Differentiation grade12.8270.000 High3315 (45.45) Middle-Low3228 (87.50)FIGO stage1.3960.244 I4427 (61.36) II2116 (76.19)Depth of stromal invasion7.4710.006 \<1/23820 (52.63) ≥1/22723 (85.19)Lymph node metastasis0.7420.397 No4931 (63.27) Yes1612 (75.00) Figure 1DPY30 protein expression increased and correlated with E-cadherin expression in CSCC. Representative immunohistochemistry staining results for DPY30 and E-cadherin in human normal cervical and CSCC tissues. Scale bar=100 μM.

Additionally, we found a decrease in the EMT marker E-cadherin in the 65 CSCC samples ([Table S2](#ST0002)). Thus, we analyzed the association between DPY30 and E-cadherin expression ([Table 2](#T0002){ref-type="table"}). Representative samples of immunohistochemical staining of CSCC tissue samples for E-cadherin are shown in [Figure 1](#F0001){ref-type="fig"}. The results show that E-cadherin expression decreased with an increase in DPY30 expression (χ^2^=5.240, c =0.273, r = -- 0.284, *P*=0.022; [Table 2](#T0002){ref-type="table"}), indicating that DPY30 influences EMT in CSCC.Table 2Statistical analysis of DPY30 and E-cadherin correlation based on immunohistochemistry staining of CSCC tissuesE-cadherinTotalχ^2^r-valuec-value*P*-valueNegativePositiveDPY30Negative1210225.240-0.2840.2730.022Positive35843Total471865[^2]

DPY30 mRNA is upregulated in CSCC tissues {#S0003-S2002}
-----------------------------------------

The results of real-time PCR suggested that DPY30 expression was significantly greater in CSCC samples than in the control samples ([Figure 2](#F0002){ref-type="fig"}). This suggests that increased DPY30 expression may be an important factor in CSCC development.Figure 2Over-expression of DPY30 in CSCC. DPY30 mRNA expression in 20 paired CSCC tissues was measured using real-time PCR. \*\**P*\<0.01 (Student's *t-*test, versus normal).

DPY30 promotes CSCC cell proliferation, migration, and invasion in vitro {#S0003-S2003}
------------------------------------------------------------------------

To determine the mechanism by which DPY30 influences the pathogenesis and progression of CSCC, we transfected DPY30 siRNA into SiHa cells to knock-down DPY30 expression. Real-time PCR results showed that the use of DPY30-siRNA reduced the DPY30 mRNA to levels significantly lower than those observed with control siRNA ([Figure 3A](#F0003){ref-type="fig"}).Figure 3DPY30 promotes CSCC cell migration, invasion, and proliferation in vitro and the relationship between DPY30 protein and EMT-related proteins. (**A**) We knocked down DPY30 expression using DPY30-siRNA and monitored knock-down efficiency using real-time PCR. \*\**P*\<0.01, vs DPY30-NC. (**B**) DPY30 expression enhanced Siha cell migration in the wound healing assay. The wound healing rates were calculated at the indicated time points of 0, 24, and 48 h. Scale bar =100 μM. (**C**) DPY30 promoted migration and invasion of CSCC cells in the Transwell assay. Scale bar =50 μM. Data are all presented as mean ± SD from three independent experiments. \**P*\<0.05; \*\**P*\<0.01. (**D**) Effects of DPY30 on CSCC cell proliferation following transfection with siRNA in Siha cells. The CCK-8 assay was used to detect changes in cell viability. Data are presented as mean ± SD from three independent experiments, \**P*\<0.05, \*\**P*\<0.01; OD, optical density. (**E**) Western blot analysis showing the relationships between DPY30 expression and expression of EMT-markers (E-cadherin and Vimentin), β-catenin, and c-myc.

We then assayed the effects of DPY30 on cell migration using the wound-healing and Transwell-migration assays. The results of the wound-healing assay revealed that decreased DPY30 expression significantly accelerated the migration of SiHa cells as compared to normal cells ([Figure 3B](#F0003){ref-type="fig"}). In agreement with this finding, knock-down of DPY30 decreased the serum-induced migration of SiHa cells ([Figure 3C](#F0003){ref-type="fig"}). In the invasion assay, DPY30-siRNA inhibited the serum-induced SiHa cell invasion to an extent greater than that in the DPY30-NC group ([Figure 3C](#F0003){ref-type="fig"}). These findings suggest that DPY30 facilitates cell migration and tumor invasion of CSCC cells.

Using the CCK-8 assay, we found that knock-down of DPY30 expression markedly reduced proliferation ([Figure 3D](#F0003){ref-type="fig"}), which indicates that DPY30 promotes CSCC cell proliferation.

DPY30 induces EMT in CSCC cells {#S0003-S2004}
-------------------------------

EMT is characterized by enhanced motility and cytoskeletal reorganization.[@CIT0012],[@CIT0013] Given our data showing that DPY30 enhances migration and invasion of SiHa cells, we further investigated the molecular mechanisms by which DPY30 influences these processes by assessing the levels of EMT markers. Western blot analysis showed that levels of the epithelial factor E-cadherin were significantly higher, while levels of the mesenchymal factor vimentin were markedly lower in the DPY30-siRNA group than the DPY30-NC group ([Figure 3E](#F0003){ref-type="fig"}). These findings indicate that DPY30 promotes EMT of CSCC cells.

DPY30-induced EMT may be mediated by the Wnt/β-catenin pathway {#S0003-S2005}
--------------------------------------------------------------

Wnt/β-catenin signaling is a classical Wnt pathway, with β-catenin as the core protein. Nuclear β-catenin binds to the nuclear transcription factor Tcf/Lef, thereby abolishing Tcf/Lef inhibition and subsequently activating a series of target genes, such as *c-myc* and *cyclinD1* that are involved in cell proliferation, as well as genes associated with tumorigenesis, leading to excessive cell proliferation.[@CIT0014] To further elucidate the mechanism by which DPY30 contributes to the regulation of CSCC cell growth and metastasis, we analyzed the effect of DPY30 knock-down on activation of the Wnt/β-catenin pathway. Western blot analysis indicated that DPY30 knock-down significantly decreased β-catenin expression in SiHa cells, with a similar decrease in c-myc expression ([Figure 3E](#F0003){ref-type="fig"}). This suggests that DPY30 promotes tumorigenesis in CSCC by activating the Wnt/β-catenin signaling pathway.

Discussion {#S0004}
==========

Cervical cancer is an important health concern, as it is associated with significant mortality and morbidity among women.[@CIT0015] EMT is involved in the development of various tumors, including cervical cancer.[@CIT0009],[@CIT0016],[@CIT0017] Our findings presented here indicate that DPY30 plays a role in the progression of CSCC. Our results also suggest that DPY30 induces EMT in CSCC by activating Wnt/β-catenin signaling.

DPY30 is a common but fairly uncharacterized member of the Set1/MLL complex. Members of the SET1/MLL family of proteins are important transcriptional regulators and are crucial for both normal development and disease pathogenesis.[@CIT0018] The role of the SET1/MLL family in cancer biology is complex. Members of the Set1 complex include the integral cores of Wdr5, Rbbp5, Ash2l, or Dpy30; the core subunits are necessary for full methylation activity[@CIT0019],[@CIT0020] and include oncoproteins as well as tumor suppressors. Wdr5 acts as an oncoprotein in prostate cancer, contributing to androgen-induced proliferation of tumor cells.[@CIT0021] Another protein, Ash2l, interacts with the oncoprotein MYC,[@CIT0022] resulting in MYC/HaRAS-dependent transformation of fibroblasts in the rat embryo. Ash21 overexpression has been implicated in the cell proliferation of several tumors.[@CIT0023] Based on the evidence presented here, we propose that DPY30 plays a similar oncogenic role in CSCC.

DPY30 has been recently reported to be involved in the regulation of cell proliferation and cell-cycle progression.[@CIT0004],[@CIT0006],[@CIT0024] In this study, we provide evidence for the first time that DPY30 expression markedly increases in cervical cancer tissues. In addition, our in vitro experiments confirmed that DPY30 promotes the proliferation, migration, and invasion of CSCC cells. Furthermore, the increased expression of DPY30 correlated with many clinicopathological characteristics, such as depth of stromal invasion and differentiation grade. Therefore, DPY30 may be involved in the development of cervical cancer, which makes it a promising new target for treating cervical cancer.

EMT is responsible for cell reprogramming at a molecular level, whereby cancer cells acquire many new properties; these properties in turn modify their interaction with the tumor microenvironment.[@CIT0025] In this study, we found that expression levels of DPY30 were associated with those of some EMT markers, such as E-cadherin, suggesting that DPY30 participates in EMT. Over-activation of Wnt signaling has been implicated in EMT and the subsequent occurrence of cervical cancer.[@CIT0014] Western blot analysis showed that DPY30 down-regulation significantly reduced β-catenin expression, as well as c-myc expression, a downstream target of β-catenin. This suggests that DPY30 contributes to CSCC pathogenesis by activating the Wnt/β-catenin signaling pathway.

Although we present new insights regarding DPY30 regulation of CSCC, our study does have some limitations. This study was based on a retrospective study to predict the value of DPY30, and thus lacks statistical power. Moreover, further analyses, such as the luciferase reporter gene assay, are necessary to investigate the specific nature of the interaction between DPY30 and the Wnt/β-catenin pathway in CSCC cells.

Conclusion {#S0005}
==========

To summarize, DPY30 expression was significantly elevated in CSCC tissues, and enhance proliferation, migration, and invasion of CSCC cells. Furthermore, DPY30 may promote EMT in CSCC and modulate by the Wnt/β-catenin signaling pathway. Therefore, DPY30 may be a useful biomarker to determine CSCC progression and has potential application as a therapeutic target in cervical cancer.

Supplementary materials {#S0012}
=======================

Table S1Statistical analysis of immunohistochemistry staining of DPY30 in normal and CSCC tissuesBiomarkersNormalCSCC*P*-valuen (%)n (%)DPY300/10 (0)43/65 (66.2%)\<0.001 Table S2Statistical analysis of immunohistochemistry staining of E-cadherin in normal and CSCC tissuesBiomarkersNormalCSCC*P*-valuen (%)n (%)E-cadherin10/10 (100)18/65 (27.7%)\<0.001
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CSCC, Cervical squamous cell carcinoma; EMT, Epithelial--mesenchymal transition; PCR, Polymerase chain reaction; FIGO, Federation international of gynecology and obstetrics; GAPDH, Glyceraldehyde-3-phosphate dehydrogenase; PMSF, Phenylmethanesulfonyl fluoride; RIPA, Radio-immunoprecipitation assay; SDS-PAGE, Sodium salt-polyacrylamide gel electrophoresis.
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